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Cancer is the second leading cause of death in the United States, resulting in the 
deaths of an estimated 600,000 people in 2016. Yet, about 50% of all cancers are thought 
to be preventable, through increased screenings, and environmental and behavioral 
modifications. Research around the role of physical activity in the prevention of cancer 
has been expanding over the last 10 years, demonstrating convincing evidence that 
physical activity does reduce the risk for many cancers, including breast, colorectal, lung, 
endometrial, and others. Yet, some questions remain around the specific attributes of 
physical activity, such as the type, frequency, intensity, and duration needed to improve 
cancer risk. The purpose of the following research was to explore these attributes of 
physical activity and subsequent cancer incidence among the Prostate, Lung, Colorectal, 
and Ovarian cancer screening trial cohort. 
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In 2016, about 600,000 Americans are expected to die from cancer.1 1.6 million 
Americans will be diagnosed with cancer in the same timeframe.1 Cancer is the second 
leading cause of death in the United States, behind heart disease (Cancer Facts & Figures 
2016; AICR).1,2 Fortunately, cancer deaths are dropping, due to a combination of public 
health prevention measures, and improvement in detection and treatment.1 In his State of 
the Union address, President Obama declared a new cancer initiative – a "moonshot" to 
continue to improve prevention, early detection, and treatment of cancers.3 With more 
money, effort, and visibility around cancer than at any other time in history, we are 
currently poised to make more rapid and transformative improvements than ever before. 
A large portion of the effort to address cancer must come through prevention. Up 
to 50% of cancer deaths are thought to be preventable through reducing unhealthy 
behaviors, such as smoking, and through improving existing behaviors, like increasing 
the nutritional quality of the American diet.2 For individuals with a family history of 
cancer, their increased risk is thought to be a result of interplay between genetic, 
environmental, and behavioral factors, suggesting that preventive behaviors have 
something to offer them too.  
Physical activity is one of the preventive behaviors that has received increased 
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attention in the past 20 years, with increasing evidence showing that it plays a role in 
reducing the risk of certain cancers. A systematic review by Friedenreich et al.4 found 
convincing evidence, based on the number of studies conducted, the strength of identified 
associations in the literature, and the consistency of the findings, that physical activity 
reduces the risk for colon, breast, and endometrial cancer and possibly reduces the risk 
for lung, prostate, and ovarian cancers.4 A similar review by Kruk and Czerniak5, found 
strong evidence for physical activity to reduce risk of colorectal cancer, postmenopausal 
breast cancer, and endometrial cancer, with probable reductions for premenopausal breast 
cancer, prostate, lung, ovarian, pancreatic, and gastric cancers.  
Recently, more evidence is accumulating for the role of physical activity in 
preventing other cancer types as well. A recent pooled analysis of more than 1.4 million 
participants from 12 different prospective cohorts (including the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening trial, which is the data source for the current 
study) in the United States and Europe found that, compared to those who did little or no 
physical activity, individuals who engaged in high levels of leisure time physical activity 
had reduced risk of 13 different cancers, including esophageal (HR: 0.58, 95% CI: 0.37, 
0.89), liver (HR: 0.73, 95% CI: 0.55-0.98), lung (HR: 0.74, 95% CI: 0.71-0.77), kidney 
(HR: 0.77, 95% CI: 0.70, 0.88), gastric cardia (HR: 0.78, 95% CI: 0.64-0.95), 
endometrial (HR: 0.79, 95% CI: 0.68-0.92), myeloid leukemia (HR: 0.80, 95% CI: 0.70-
0.92), colon (HR: 0.84, 95% CI: 0.77-0.91), head and neck (HR: 0.85, 95% CI: 0.78-
0.93), rectal (HR: 0.87, 95% CI: 0.80- 0.95), bladder (HR: 0.87, 95% CI: 0.82-0.92), and 
breast (HR: 0.90, 95% CI: 0.87-0.93).6 This study represents one of the largest pooled 
analyses on the relationship between physical activity and cancer prevention to date.  
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Although physical activity was primarily associated with reduced risk for cancer, 
the study also found that physical activity increased the risk for some cancers, including 
malignant melanoma (HR: 1.27, 95% CI: 1.16-1.40) and prostate cancer (HR: 1.05, 95% 
CI: 1.03-1.08).6 Further, when the analyses were adjusted for BMI, three of the reduced 
risk associations (liver, endometrial, gastric) were no longer significant.6 Eight of the 26 
hazard rates changed by 5% or more after BMI adjustment, suggesting that the role of 
obesity, physical activity, and cancer is heavily influenced by body weight, depending on 
the type of cancer.6 These findings suggest that, while physical activity does appear to 
play a role in preventing many cancers, the relationship may be strongly influenced by 
factors such as cancer site and adiposity.  
Biomechanisms of Physical Activity in Preventing Cancer 
There are various hypotheses regarding the biomechanisms by which physical 
activity reduces cancer risk.  
Reduction of Adiposity 
Obesity has been linked to several cancers, including endometrial, esophageal, 
colorectal, postmenopausal breast, prostate, and renal cancers.7 The biomechanisms 
governing obesity include attributes that are separately linked to increased cancer risk, 
including insulin disruption, increased levels of sex hormones, heightened bioavailability 
of insulin-like growth factor, and inflammation.8 The combination of these bio-attributes 
of obesity may explain why obesity, even more than sedentary behavior, is so closely 
linked to increased cancer risk.9 The role of obesity, physical activity, and cancer 
outcomes is complex. Physical activity throughout the life course has been found to 
protect against encroaching weight gain, which has been associated with an increased risk 
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of certain cancers, such as colorectal cancer.10, 11, 12 Yet, obesity is influenced not simply 
by lifestyle choices, but also environmental, genetic, and medical factors that may not be 
responsive to simple dietary and physical activity modifications.11,12 Obese individuals 
may engage in lower levels of physical activity than normal weight individuals,13 but 
their inactivity may be the result of obesity, rather than obesity as a result of their 
inactivity. Thus, how to assess and interpret the effect modification of obesity is an 
important aspect of studying the relationship between physical activity and cancer. Many 
studies have simply adjusted for BMI, while others have disaggregated findings by BMI 
category, and still others6 have conducted analyses with and without adjustments for 
comparison. 
Regulation of Sex Hormones 
Physical activity helps to regulate androgens, estrogen, testosterone, and sex-
hormone binding globlulin (SHBG).14 Increased estrogen is associated with an increased 
risk for breast and endometrial cancers, while free androgens have been associated with 
prostate cancer risk.9 Prospective trials measuring the effect of physical activity on sex 
hormone concentrations found that physical activity decreased the amount of free 
estradiol and estrone, while increasing levels of SHBG.14  
Improvement of Blood Glucose 
Physical activity helps regulate metabolic hormones, including insulin and 
insulin-like growth factor (IGF-I), which have been associated with increased risk for 
cancers, through mitogenic and anti-apoptotic mechanisms. A systematic review of 
clinical trials studying biomechanisms affected by physical activity found evidence from 
some studies that increased physical activity did decrease insulin resistance and reduce 
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serum insulin levels.14 A study by Dube et al.15 found that increased frequency of aerobic 
physical activity resulted in dose-response improvements to insulin sensitivity, 
suggesting that specific attributes of physical activity, such as activity type and 
frequency, may be important in blood glucose regulation and function. 
Reduction of Inflammation 
Inflammation is a known risk factor for cancer, as chronic inflammation can lead 
to cell dysplasia and an increase in pro-inflammatory factors, such as C-reactive protein 
and interleukin-6.9,16 Physical activity increases anti-inflammatory proteins, like 
adiponectin, and decreases pro-inflammatory factors.14,17  
A Public Health Challenge 
Despite the known benefits of physical activity to reduce incidence of cancer and 
other diseases, including diabetes, mental illness, cardiovascular disease, Alzheimer’s 
disease, and others, only a small percentage of the population engages in recommended 
levels of physical activity.18,19 According to the Centers for Disease Control, only one in 
five adults meet the recommended guidelines for physical activity.20 Levels of physical 
activity in older adults, who are the primary cancer population, are even lower. One study 
of older adults (>60 years) in the United States found that only 8.5% of adults ages 60-69 
met recommended physical activity guidelines, and only 6.3% of adults over age 70 did.21 
Older women, in particular, are less likely to obtain recommended levels of physical 
activity than men.22  
Unfortunately, sedentary behaviors can be reinforcing – individuals who are less 
physically active report insecurity, low fitness levels, and body image dissatisfaction as 
major reasons for remaining inactive.23 One major factor for behavioral adherence to 
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physical activity (and other health behaviors) is improved self-efficacy around a 
behavior.24 Individuals who have confidence in their ability to be physically active in 
specific situations are more likely to continuously engage in physical activity.24 However, 
mechanisms enhancing self-efficacy to improve physical adherence in older populations 
do not necessarily mirror successful interventions in the general population. A systematic 
review by French et al.25 found that many traditionally validated aspects of increasing 
self-efficacy, such as obtaining feedback on performance or developing a plan to act, do 
not increase self-efficacy within older adult populations, with regard to physical activity. 
Instead, older adults appear to place more prioritization on maximizing meaning and 
positive emotions, with less regard for future effects, such as health.25  
Simply put, there is potentially a great benefit to identifying the minimal effective 
dose of physical activity necessary to achieve cancer risk reduction for older adults. This 
information can then be included in programs designed to increase physical activity 
among older individuals, along with mechanisms that most successfully effect behavioral 
change, such as the findings related to self-efficacy in this population.25 As the field of 
preventive cancer research establishes more evidence of the important role of physical 
activity in reducing cancer risk, there is an increasing need to also identify which specific 
attributes of physical activity contribute to this reduction. Specificity is a natural 
progression of increased epidemiologic study, and allows public-health practitioners and 
health care providers to translate scientific evidence into real-world recommendations.26 
Yet, thus far, the accumulated evidence around physical activity and cancer prevention 
has relatively low specificity, with respect to the type, intensity, duration, and frequency 
of physical activity necessary to affect risk.  
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This is due, in part, to lack of consistency in the measurement of physical activity. 
Longitudinal studies that assessed cancer incidence over time often did not adequately 
assess physical activity at initial outset, as the connection between exercise and cancer is 
a more recent development in cancer research. As such, measures of physical activity 
often are generalized, for example, to constructs such as weekly time spent in “leisure 
activity.” Physical activity measurements, in general, have become more standardized in 
the last 10 years.27 As the metrics improve, doubtless more specific information will also 
emerge, regarding which attributes of physical activity affect cancer risk.  
The purpose of the research presented here is to explore aspects of existing 
questions around the role of physical activity and cancer. We identified participants who 
were enrolled in a large, prospective efficacy trial that contained relatively specific 
attributes of physical activity, including activity type (aerobic/strength-based), frequency 
(per week), intensity (moderate/vigorous), and average duration of each activity session 
(in minutes). Our analyses evaluate these variables with respect to cancer outcomes 
broadly (for all cancers), for specific cancer types, and for individuals with a family 
history of cancer. 
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EXPLORING THE RELATIONSHIP BETWEEN SPECIFIC 
 




Physical activity reduces the risk of some cancers, including breast, colorectal, 
and endometrial cancer. Yet, more information is needed on the specific types, intensity, 
and duration of activity necessary to decrease cancer risk. This secondary analysis 
utilized data from the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening 
Trial cohort (n= 75,623) from 1993-2013. We examined associations between variables 
of activity type, duration, intensity, and existing physical activity recommendations with 
all-cancer incidence using multivariate Cox proportional hazards models stratified by 
Body Mass Index (BMI) categories. No associations between physical activity and all-
cancer incidence were found in normal or overweight men and women. However, 
increased aerobic activity was found to be significantly protective against all-cancer 
incidence in obese women (HR: 0.85; 95% CI: 0.77, 0.94). Additionally, increased total 
frequency of any activity type in obese women was also protective against all-cancer 
incidence (HR: 0.91; 95% CI: 0.86, 0.97). No associations between current recommended 
physical activity guidelines and all-cancer incidence were identified. Obese women 
performing aerobic activities regularly were less likely to be diagnosed with any type of 
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cancer. These findings lend support to public health programs aimed at improving 
physical activity as part of a cancer prevention strategy. 
Introduction 
Physical activity has been associated with cancer-related benefits and reduced risk 
for certain types of cancer, such as breast, colorectal, and endometrial cancers.1,2 For 
individuals with cancer, physical activity both before and after diagnosis has been shown 
to improve response to treatment and increase chance of survival.3 For survivors of 
cancer, physical activity has been shown to improve quality of life and reduce cancer-
related comorbidities.4 Movement, in essence, is one of the most powerful means we 
have to improve cancer-related outcomes at all levels of prevention.  
Several theories have been posed about the biological mechanisms at work during 
physical activity that confer these benefits. Physical activity improves production of sex 
hormone binding globulin, which can improve the balance of bioavailable sex hormones, 
including estrogen and testosterone.5 Physical activity also helps to regulate insulin levels 
and decreases levels of insulin-like growth factor, of which high levels have been 
implicated in breast, colorectal, and prostate cancers.1,5-6 Finally, an estimated 25% of 
cancers are associated with chronic inflammation.7 Previous studies have demonstrated 
that physical activity plays a key role in decreasing inflammatory response.8  
In particular, physical activity appears to play a mitigating role in biological 
mechanisms involved in cancer risk for individuals who are overweight or obese. Obesity 
has been associated with an increased risk for several cancers, including breast, 
colorectal, pancreatic, kidney, and esophageal cancers1,9 and some evidence suggests that 
physical activity may help to mitigate cancer risks in those who are overweight. Michaud 
 12 
et al.10 found that physical activity reduced the risk of pancreatic cancer in individuals 
who were overweight or obese, but did not affect risk for individuals who were of normal 
weight. Similarly, while obesity is strongly associated with breast cancer risk, Pierce et 
al. found that physical activity, combined with fruit and vegetable intake, improved 
breast cancer survival similarly in both obese and non-obese individuals.11 Given that 
obesity is independently related to increased insulin-like-growth factor and estrogenic 
imbalances, it is perhaps unsurprising that physical activity would be particularly 
beneficial in improving cancer risk in these individuals.12,13 
Although a strong body of evidence is emerging on the benefits of physical 
activity with regard to cancer, many questions remain regarding the relationship between 
physical activity and cancer incidence, such as the type, frequency, duration, and 
intensity of physical activity that decrease cancer risk. The most robust research in this 
area focuses on both breast and colorectal cancer prevention and has shown that, in 
general, 30-60 minutes per day of moderate-to-strenuous activity reduces risk of 
developing these cancers.14 Some studies have found that leisure activities are associated 
with decreased risk for certain cancers, while other studies have found that occupational 
activity is protective.2,15 
To our knowledge, no study has assessed the effects of physical activity on all-
cancer incidence. Cancer is generally assessed by cancer type, as the etiology and risk 
factors for different cancers vary. Indeed, cancer is not one specific disease, but rather a 
series of diseases under a single label. However, despite differences between cancer 
types, the term ‘cancer’ is frequently discussed in aggregate in public health discourse, 
and cancer outcomes, such as mortality, are regularly grouped together in public health 
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research. Thus, the purpose of this paper is to identify whether there are any overarching 
associations between physical activity and cancer that transcend cancer type; such 
findings could yield broader public health recommendations around physical activity as it 
relates to cancer prevention. The current study sought to determine how physical activity 
type, frequency, duration, and intensity, as well as whether adherence to current public 
health recommendations for physical activity, affect all-cancer incidence in a large, 
multi-state cancer trial.  
Method 
Participants 
Participants were men and women who participated in the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial (PLCO), a randomized controlled trial of 
the effect on mortality of screening for these four cancers. Participants were originally 
enrolled in the trial between 1993 and 2001 and were followed for at least 13 years. 
Detailed recruitment and enrollment strategies were published previously.16 Baseline 
demographic, personal and family history data, as well as a dietary history questionnaire 
and limited physical activity data were collected from participants at initiation. In 2006, a 
supplemental questionnaire (SQX) was introduced, with additional questions about 
physical activity, including types of physical activity engaged in per week and weekly 
frequency of activity and activity intensity (strenuous, moderate, and light). Annual data 
collection was completed in 200917; however, limited data collection is still ongoing.  
Between 1993 and 2001, the PLCO trial enrolled 154,898 men and women, ages 
55-74 years. The subset included in this study met the following criteria: 1) complete 
baseline and dietary history information; 2) completed the SQX questionnaire; 3) did not 
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have a diagnosis of cancer at the time of SQX data collection; and 4) had follow-up data 
up through year 13 of study enrollment (2013). Of those enrolled, 149,978 completed 
baseline information, and 101,950 completed SQX information. Regarding those who 
had completed the SQX information, 100,704 responded to the physical activity 
questions and 85,430 had never been diagnosed with cancer by the time they completed 
the SQX questionnaire. Of those, 78,687 (36,969 men and 41,718 women) had follow-up 
information through 2013.  
Statistical Analyses 
We separated men and women for the analyses, as certain confounding variables, 
such as hormone-replacement therapy status, were sex-specific. We then stratified on 
BMI to account for the potentially different biological mechanisms involved between 
obesity and cancer risk. As very few individuals with a BMI of under 18.5 were 
diagnosed with cancer (13 females and 11 males), we combined the underweight 
individuals with individuals in the normal weight category for the final analyses.  
Using the physical activity variables obtained from the SQX questionnaire, we 
created two composite variables of activity frequency. We first divided reported variables 
into aerobic and strength type categories. We then created composite variables for total 
aerobic and total strength activities, by adding all self-reported weekly frequency of 
specific activities (e.g., 2 times dancing, 2 times jogging, 2 times swimming would equal 
6 aerobic activities in one week). We then created a variable for total frequency of all 
reported activity (strength and aerobic combined).  
We were also interested in examining how proportion of time spent in a specific 
type of activity influenced cancer outcomes. For example, if an individual is highly 
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active, but only does strength training activities (compared to aerobic activities), does it 
affect their risk differently than an individual who divides time more evenly between 
activity types? To assess this, we created two ratio variables, which identified the 
proportion of total activity frequency spent in either type of activity.  
We were also interested in exploring variables of intensity and duration. The SQX 
questionnaire asked questions about weekly frequency of strenuous and moderate 
activity, as well as questions about the average duration of each strenuous/moderate 
activity session. Unfortunately, due to the categories created within the SQX for these 
variables, we were unable to combine them for a more standard measure of total weekly 
time spent in strenuous or moderate activity. Nonetheless, we analyzed the intensity and 
duration variables separately in our analyses.  
We explored all variables listed in Table 2.1 as potential confounders or 
covariates in the model and retained all variables that were statistically significant 
(p<0.05) in univariate analyses or were supported by existing literature as associated with 
cancer incidence. Additionally, we conducted sensitivity analyses to assess the potential 
effect of extreme physical activity variables.  
Hazard ratios and 95% confidence intervals (CIs) were estimated using Cox 
proportional hazard regression models with all-cancer incidence as the underlying time 
function. Cancer types in the all-cancer incidence variable included: prostate, lung, colon, 
ovarian, pancreatic, melanoma, bladder, breast, hematopoietic, endometrial, glioma, 
renal, thyroid, head and neck, liver, upper GI, and biliary cancers. Follow-up was defined 
as time after completion of the SQX questionnaire until cancer incidence or the end of 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Following analysis, we applied the Benjamini-Hochberg procedure for multiple test 
correction with a false discovery rate of 0.10. All analyses were conducted in Stata 12.0. 
The current study was approved by the University of Utah Institutional Review Board.  
Results 
There were 3,821 confirmed cancers among participants in the current study 
(males: 2,229; females: 1,592). Tables 2.2 and 2.3 show findings for adjusted analyses for 
women and men, stratified by BMI. Highlighted findings identify those variables that 
maintained significance after multiple test correction. No physical activity variables were 
implicated in affecting risk of all-cancer incidence in women with BMI below 29; 
however, for women who had a BMI of 30 or above, higher amounts of weekly physical 
activity were modestly associated with decreased risk of all cancer incidence. 
Specifically, aerobic activity frequency (HR: 0.85, 95% CI: 0.77, 0.94) and total activity 
frequency per week (HR: 0.91, 95% CI: 0.86, 0.97) were found to reduce the risk of all 
cancer incidence. 
After adjusting for multiple test correction, no physical activity variables were 
associated with a risk of all-cancer incidence in men, across BMI categories.  
Discussion 
Our findings support physical activity, particularly aerobic physical activity, as a 
cancer-prevention tool for older obese women. This study is the first that we are aware of 
that examines the relationship between physical activity and all-cancer incidence. The 
relatively large amount of physical activity data collected during the trial allowed us to 
examine variables that, thus far, have not been assessed in the literature, including how 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































We found that cancer risk in obese women was mitigated by physical activity, 
specifically aerobic activity, and that the greater the total frequency of time spent in any 
physical activity, the greater the overall cancer risk reduction. Aerobic activity’s benefits 
for cancer prevention have been identified in many previous studies examining physical 
activity benefits in specific cancers, including breast and colorectal cancer. That the 
protective effects for all-cancer incidence are only seen in obese women may support 
theories of overlapping biomechanisms involved in both obesity and cancer, including 
increased leptin production, increased insulin-like growth factor, and imbalances in sex-
hormones, all of which are improved through physical activity.  
Interestingly, we did not find any significant effect of physical activity on all-
cancer incidence in men of any BMI. This may suggest that the interaction between 
physical activity and obesity does not affect men in the same way it affects women. Our 
findings are similar to a recent study by Elwood et al. conducted on lifestyle behaviors in 
men, which found that no lifestyle factors, including physical activity, impacted cancer 
incidence in men.18 A study in 2015 by Taghizadeh et al. found that while chronic obesity 
was associated with increased cancer mortality in women only, both short-term increases 
in obesity and being overweight was associated with a decreased risk of certain cancers in 
men, including prostate cancer and lung cancer.19 The authors postulated that as obesity 
is strongly associated with cardiovascular mortality in men, it is possible that many at-
risk men had already died from cardiovascular disease before they could develop 
cancer.19 It is also possible that men who smoke are more likely to remain lean, though at 
increased cancer risk.19 More research is needed to identify how adiposity interacts with 
cancer risk in men, in order to fully understand how the biological mechanisms between 
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obesity and male risk of cancer are associated.  
Our study had several limitations. As has been reported previously, our cohort 
tended to be both older and healthier than the general population, which may limit the 
generalizability of our findings.20 Additionally, our data relied on self-reported physical 
activity, dietary, and lifestyle information, which could be subject to bias.21 However, as 
our outcome was cancer incidence, it can be argued that more accurate data would only 
magnify our findings, as participants are more likely to overestimate their physical 
activity in self-report. Finally, our participants were followed for 7 years after reporting 
physical activity information. This may not have been sufficient follow-up time to 
identify all cancers associated with lifestyle behaviors.  
Cancer is an aggregate disease – not a specific condition but, rather, a term used 
to describe unregulated cell growth across the entire body, caused by different etiologic 
factors. As such, it may seem counterintuitive to attempt to identify any general factors 
that contribute to the condition. However, when attempting to disseminate health 
information to the public, broad recommendations for prevention can be useful in health 
communication messaging. We recommend concerted efforts by both healthcare 
providers and public health officials to encourage obese women to increase total and 
specifically aerobic physical activity to reduce their risk of cancer. 
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EXAMINING THE ROLE OF SPECIFIC PHYSICAL ACTIVITY 
 
ATTRIBUTES IN BREAST, COLORECTAL, ENDOMETRIAL,  
 
LUNG, OVARIAN, AND PROSTATE CANCERS 
Abstract 
There is growing evidence that physical activity decreases cancer risk. Though the 
majority of evidence centers around breast and colorectal cancers, evidence for 
prevention of other types of cancer, such as endometrial, lung, and prostate cancers, is 
also increasing. Yet, little existing research has clarified which specific attributes of 
physical activity (e.g., intensity, activity type, frequency) contribute to this risk reduction. 
Public health recommendations around physical activity and cancer may be more 
effective if they are more actionable.  
Our study assessed several specific attributes of physical activity (type, frequency, 
intensity, and duration) and their relationship to cancer incidence, using participant data 
from the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial. Cox 
proportional hazards models were used to estimate hazard ratios and 95% CIs for 
associations between the physical activity variables of interest and separate cancer 
outcomes for breast, colorectal, endometrial, lung, ovarian, and prostate cancers.  
After adjustment for multiple test correction, to reduce the likelihood of Type 1 
error, none of our findings were statistically significant. Future studies looking to assess
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specific attributes of physical activity should ensure that they are powered to detect 
effect, that physical activity variables are collected in a standardized fashion that allows 
computation of metrics that relate to guidelines, and that the potential effect modification 
of body mass is accounted for in study design.  
Introduction  
There is a growing body of evidence supporting the important role of physical 
activity in primary, secondary, and tertiary prevention of cancer. The majority of 
evidence centers on the role of physical activity in improving morbidity and mortality 
outcomes in individuals diagnosed with cancer.1 However, evidence for primary 
prevention of cancer is increasing, particularly for certain cancer types.2 
The strongest evidence for the role of physical activity in preventing cancer can 
be found in breast, colorectal, and endometrial cancer research. Weaker evidence exists 
for the role of physical activity in prevention of prostate, lung, or ovarian cancer.  
Breast Cancer 
The majority of evidence supports the role of physical activity in breast cancer 
prevention in postmenopausal women. Estimates of risk reduction due to physical activity 
are about 10-20%, depending on the study.3 A recent pooled analysis of 63,786 cases 
from several large trials, including the Framingham Heart Study, the Nurses Health 
Study, the NHANES study, and others, found an overall risk reduction from physical 
activity of 0.88 (95% CI: 0.85-0.91), while a recent pooled analysis of 1.44 million 
participants, from many of the same trials with the addition of some European data, found 
a BMI-adjusted hazard ratio of 0.93 (95% CI: 0.90, 0.96) when comparing individuals 
who completed high levels of physical activity to those who were largely sedentary.4-5 
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Stronger associations for physical activity and risk reduction exist for recreational 
activity compared to occupational activity for women with normal body mass index 
(BMI), and women who did not have a family history of cancer.4,6 Activity after the age 
of 50 appeared to be a stronger predictor of effect than activity over the life course.6 
Additionally, the effect of physical activity was stronger in women who participated in 
vigorous intensity physical activity, compared to women who participated in low or 
moderate physical activity.4 Current recommendations for prevention are 4-7 hours of 
vigorous activity per week to prevent breast cancer in postmenopausal women.6  
More limited evidence supports the role of physical activity in reducing breast 
cancer incidence in premenopausal women. A prospective study of premenopausal 
women conducted by Maruti et al. in 2008 found that women with higher total lifetime 
physical activity had a significantly lower risk of breast cancer compared to inactive 
women (RR: 0.77, 95% CI: 0.64, 0.93); however, this correlation was not seen in 
overweight women.7 Differences in premenopausal breast cancer risk by weight have 
been found in several studies, with mixed outcomes. Studies by both Maruti7 and Wu4 
found physical activity reduced the risk of breast cancer in premenopausal women, while 
McCullough et al.8 found no significance. A systematic review conducted by 
Friedenreich et al.6 found that menopausal status changes the interaction of physical 
activity and cancer outcomes, but that both pre- and postmenopausal women benefit from 
increased physical activity. 
A main etiologic mechanism affecting breast cancer risk is higher body weight. 
Increased adipose tissue influences hormonal balances, including estrogen, androgens, 
sex-hormone binding globulin (SHBG), and insulin resistance.9 Relatively high levels of 
27 
 
physical activity are associated with lower levels of adiposity and weight maintenance, 
and may therefore result in less androgen conversion to estrogen and bioavailability of 
estradiol through the increase of SHBG in highly active women.9 Physical activity also 
improves insulin sensitivity, potentially by reduction of abdominal fat and increasing 
glucose transport to muscle and decreasing fatty acid synthesis.9 The amount or intensity 
of physical activity necessary to improve these biomarkers remains unclear. A recent 12-
month prospective cohort of previously inactive postmenopausal women conducted by 
Farris et al. found no significant differences between women who exercised at high levels 
(300 minutes/week) compared to moderate levels (150 minutes/week) in terms of 
estradiol, SHBG, and estrone, suggesting the exact physical activity prescription, 
including type and intensity, needed to affect these factors is still unclear.10 Nonetheless, 
the evidence on the effect of physical activity for reducing susceptibility to breast cancer 
remains one of the most compelling cancer-related benefits of physical activity to date.  
Colorectal Cancer 
Strong evidence also exists supporting the role of physical activity in colorectal 
cancer prevention. A meta-analysis of existing evidence conducted by Wolin et al.11 
found an inverse relationship between physical activity and colorectal cancer, with an 
overall relative risk of 0.76 (95% CI: 0.72, 0.81). The pooled analyses of 1.44 million 
participants conducted by Moore et al.5 similarly found reduced risk of cancer in highly 
active individuals, compared to inactive individuals (HR: 0.87, 95% CI: 0.77, 0.98). The 
majority of existing evidence specifically indicates that increased recreational and leisure 
time physical activity significantly decreases the risk of developing colorectal cancer.5,11  
Like breast cancer, there are subsets of individuals who are more impacted by 
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physical activity than others. For example, the majority of research pertains to individuals 
who are diagnosed with cancer of the colon, not the rectum, though some studies did not 
distinguish between the two. Most evidence that differentiated the two cancer sites 
collected to date has not found a significant association between physical activity and 
rectal cancer.2,11,12 However, risk reductions associated with physical activity do not 
appear to be significantly different between proximal and distal colon cancers.13 There do 
not appear to be sex differences in risk; a systematic review conducted by Brown et al.2 
found no differences in the association between physical activity and colorectal cancer 
risk in men compared to women.  
There are several biological mechanisms that have been posited as etiologic 
factors in the relationship between physical activity and colorectal cancer, including the 
role of physical activity in decreasing inflammation, improving digestion, reducing 
intestinal transit time, improving immune function, and in moderating the insulin-like-
growth factor axis.2  
Endometrial Cancer 
The body of evidence supporting the role of physical activity in reducing the risk 
of endometrial cancer is growing. Several meta-analyses of the literature have found 
compelling evidence that high levels of leisure and recreational activity reduce the risk of 
endometrial cancer by up to 30% in postmenopausal women.6,14,15 As with colorectal and 
breast cancers, the role of body mass also factors in to considerations of risk reduction for 
endometrial cancer, with some studies suggesting that overweight or obese women who 
are physically active may see more of a risk reduction than women who are lean.16,17  
Etiologic factors at play in the interaction between physical activity and 
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endometrial cancer risk are thought to be similar to those in breast cancer, with physical 
activity playing a role in moderating hormone balance, including androgens, estrogens, 
and SHBG, the dysregulation of which are believed to be causal pathways in endometrial 
cancer. Insulin-like growth factor is also a known risk agent for endometrial cancer and is 
also regulated by physical activity.18 Ultimately, much of the benefit of physical activity 
in endometrial cancer risk may be in counteracting the negative biological effects of high 
body mass.17,19 
Ovarian Cancer 
Whether physical activity plays a role in the prevention of ovarian cancer is not 
clear. Studies had mixed results, with some, such as those from Lee et al.,20 supporting 
risk reduction (OR: 0.49, 95% CI: 0.35, 0.68) and others, such as Moorman21 (HR: 0.69, 
95% CI: 0.47, 1.00) and Chionh22 (HR: 2.21, 95% CI: 1.16, 4.24), suggesting null or 
increased risk. A meta-analysis conducted by Cannioto23 found that the majority of the 
existing evidence supports physical activity resulting in some risk reduction; however, 
the evidence is far from conclusive and more studies are needed to more firmly establish 
this connection. Cannioto et al.23 speculate that the lack of significant findings may be 
due to the large variety in histology between ovarian cancers; some types of ovarian 
cancers may be more influenced by physical activity than others. 
Proposed biological mechanisms for physical activity influence on ovarian cancer 




Prostate Cancer  
The evidence surrounding the role of physical activity in prevention of prostate 
cancer is also mixed. A systematic review by Hackshaw-McGeah et al.24 found no high-
quality studies with significant findings associating physical activity with reduced risk for 
prostate cancer. Other earlier systematic reviews and meta-analyses, such as Liu et al.,25 
have found some associations between physical activity and prostate cancer (pooled RR: 
0.90, 95% CI: 0.84, 0.95). Some studies have found that risk reduction from physical 
activity may differ by race, with African American men more affected by physical 
activity than white men26; other studies have contradicted these findings, suggesting no 
significant differences in risk reduction from physical activity between races.27 Studies on 
physical activity and prostate cancer appear to have more statistically significant findings 
in American and European populations, compared to Asian and Pacific Islander 
populations.25 Similarly, some evidence supports the role of early physical activity in 
reducing the risk of prostate cancer later in life,26 while other studies have not found that 
early activity plays a significant role in subsequent risk reduction.25  
The role of insulin-like growth factor (IGF) is thought to be a main etiologic 
mechanism involved in the relationship between physical activity and cancer. Physical 
activity increases production of IGF, the binding of which affects cell proliferation and 
migration, thus leading to decreased risk of cancer.28  
Lung Cancer 
Evidence of an inverse relationship between physical activity and risk for lung 
cancer has been increasing. A meta-analysis by Zhong et al.29 found that individuals who 
had participated in any amount of physical activity had a risk ratio of 0.79 (95% CI: 0.73, 
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0.86) for developing lung cancer. Those who had participated in a higher level of 
physical activity had a greater risk reduction.29  
The relationship between physical activity and lung cancer seems to be impacted 
by smoking status. A pooled analysis by Buffart et al.30 found that physically active 
smokers had a reduced risk of lung cancer compared to nonactive smokers. The 
difference did not appear to be impacted by smoking intensity, but was greater for 
women than for men.30 The meta-analysis conducted by Zhong et al.29 did not find any 
impact of physical activity on nonsmokers who later developed lung cancer. As the 
etiology of nonsmokers who develop lung cancer is different from that of individuals 
who smoke, it is likely that physical activity affects risk differently in these subgroups. 
One study by Lam et al.31 showed that nonsmoking individuals who were overweight at 
the age of 18 had a 46% increased risk of lung cancer, compared to individuals who were 
normal weight.  
For smokers, physical activity is theorized to improve pulmonary function and 
enhance the expulsion of carcinogenic material from the lungs, thus decreasing the risk 
for lung cancer.29,32 In nonsmokers, the relationship is less clear, but appears to be 
influenced to a certain degree by sedentary behaviors and obesity.  
While the evidence surrounding the role of physical activity is increasing for 
different types of cancers, questions still remain about how physical activity type, 
intensity, frequency, and duration influence cancer risk across the cancer types. The 
purpose of the current study was to assess these physical activity variables and their 
relationship to differing cancer outcomes in individuals participating in a large, cancer 
screening study.  
 32 
Methods 
Participants for this study were men and women who participated in the Prostate, 
Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO), a randomized controlled 
trial conducted from 1993 until 2013 designed to determine the effect of screening on 
mortality from these four cancers.33 Enrollment for the trial occurred from 1993 until 
2001. Participants were followed for at least 13 years after enrollment. Details regarding 
recruitment and enrollment can be found elsewhere.34 Upon enrollment, participants 
provided demographic, personal, and family disease history data. They also completed a 
dietary history questionnaire and answered questions regarding current physical activity. 
In 2006, a supplemental questionnaire (SQX) was collected, which included more in-
depth questions about physical activity and exercise, including the types of physical 
activity engaged in monthly, weekly frequency of activity, and subjective assessment of 
activity intensity (strenuous, moderate, and light). Annual data collection for the PLCO 
trial was completed in 2009.  
Of the total PLCO participants (n =154,898), those included in this study were 
individuals who: 1) had complete baseline and dietary history information (n=149,978), 
2) had completed the physical activity questions on the SQX questionnaire (n=100,704), 
3) did not have a diagnosis of cancer at the time of SQX data collection (n=85,430), and 
4) had follow-up data up through year 13 of study enrollment (n=78,687) (see Figure 
3.1). Of these, 36,969 (46%) were men and 41,718 (54%) were women. Table 3.1 
provides a demographic overview of participants. The current study was approved by the 




Figure 3.1. Consort Diagram of Participant Selection 
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Physical Activity Variables 
Using the physical activity variables obtained from the SQX questionnaire, we 
created two composite variables of activity frequency. We first divided reported variables 
into aerobic and strength type categories. We then created composite variables for total 
aerobic and total strength activities, by adding all self-reported weekly frequency of 
specific activities (e.g., 2 times dancing, 2 times jogging, 2 times swimming would equal 
6 times of aerobic activity in one week). We then created a variable for total frequency of 
all reported activity (strength and aerobic combined).  
We were also interested in examining how proportion of time spent in a specific 
type of activity influenced cancer outcomes. For example, if an individual is highly 
active, but only does strength training activities (compared to aerobic activities), does it 
affect their risk differently than an individual who divides time more evenly between 
activity types? To assess this, we created two ratio variables, which identified the 
proportion of total activity frequency spent in either type of activity.  
We were also interested in exploring variables of intensity and duration. The SQX 
questionnaire asked questions around weekly frequency of strenuous and moderate 
activity, as well as questions about the average duration of each strenuous/moderate 
activity session. Unfortunately, due to the categories created within the SQX for these 
variables, we were unable to combine them for a more standard measure of total weekly 
time spent in strenuous or moderate activity. Nonetheless, we explored the intensity and 




We conducted separate analyses for specific cancers, including breast, ovarian, 
endometrial, and prostate cancers. We also conducted sex-specific analyses for lung and 
colorectal cancers. 
We explored all variables listed in Table 3.1 as potential confounders or 
covariates in the model and retained all variables that were statistically significant 
(p<0.05) in univariate analyses or were supported by existing literature as associated with 
cancer incidence. The linearity of the various PA variables was assessed using likelihood 
ratio tests. Additionally, we conducted sensitivity analyses to assess the effect of outlier 
extremes on physical activity variables. 
Physical Activity Variables 
Using the physical activity variables obtained from the SQX questionnaire, we 
created two composite variables of activity frequency. We first divided reported variables 
into aerobic and strength type categories. We then created composite variables for total 
aerobic and total strength activities, by adding all self-reported weekly frequency of 
specific activities (e.g., 2 times dancing, 2 times jogging, 2 times swimming would equal 
6 times of aerobic activity in one week). We then created a variable for total frequency of 
all reported activity (strength and aerobic combined).  
We were also interested in examining how proportion of time spent in a specific 
type of activity influenced cancer outcomes. For example, if an individual is highly 
active, but only does strength training activities (compared to aerobic activities), does it 
affect their risk differently than an individual who divides time more evenly between 
activity types? To assess this, we created two ratio variables, which identified the 
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proportion of total activity frequency spent in either type of activity.  
We were also interested in exploring variables of intensity and duration. The SQX 
questionnaire asked questions around weekly frequency of strenuous and moderate 
activity, as well as questions about the average duration of each strenuous/moderate 
activity session. Unfortunately, due to the categories created within the SQX for these 
variables, we were unable to combine them for a more standard measure of total weekly 
time spent in strenuous or moderate activity. Nonetheless, we explored the intensity and 
duration variables separately in our analyses.  
Statistical Analyses 
We conducted separate analyses for specific cancers, including breast, ovarian, 
endometrial, and prostate cancers. We also conducted sex-specific analyses for lung and 
colorectal cancers. 
We explored all variables listed in Table 3.1 as potential confounders or 
covariates in the model and retained all variables that were statistically significant 
(p<0.05) in univariate analyses or were supported by existing literature as associated with 
cancer incidence. The linearity of the various PA variables was assessed using likelihood 
ratio tests. Additionally, we conducted sensitivity analyses to assess the effect of outlier 
extremes on physical activity variables. 
Hazard ratios and 95% confidence intervals (CIs) were estimated using Cox 
proportional hazard regression models to assess the association between physical activity 
variables and cancer incidence. We analyzed specific physical activity variables with 
relation to separate prostate, lung, colon, ovarian, breast, and endometrial cancer 
outcomes. Follow-up time was defined as all time after completion of the SQX 
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questionnaire (in 2006) until cancer diagnosis or through 2013, whichever occurred first. 
Following regression analyses, we applied the Benjamini-Hochberg procedure for 
multiple test correction with a false discovery rate of 0.10 to all findings (McDonald, 
2014 pp. 254-260).35 All analyses were conducted in Stata 12.0. This study was approved 
by the Institutional Review Board of the University of Utah. 
Results 
Tables 3.2–3.6 provide outcomes of all physical activity variables and specific 
cancer incidence. After adjusting for multiple test correction, no variables maintained 
significance in the final analyses. The frequency of moderate and strenuous activity 
appeared to increase the risk of ovarian (4-5x/week, HR: 2.27; 95% CI: 1.00, 5.17), 
prostate ([4-5x/week, HR: 1.31; 95% CI: 1.06, 1.61] and [6-7x/week, HR: 1.40; 95% CI: 
1.07, 1.82]), and colorectal cancer in women (6-7x/week, HR: 3.12; 95% CI: 1.19, 8.15). 
It also appeared to decrease the risk of lung cancer in women (4-5x/week, HR: 0.38; 95% 
CI: 0.15, 0.96). As none of these increases or decreases demonstrated any sort of dose-
response relationship, it is possible that these findings were spurious. 
Discussion 
Thus far, the available evidence in the literature supporting the role of physical 
activity in the prevention of cancer is most convincing for breast and colorectal cancer, 
yet, after adjusting for multiple test correction, our results did not find significance for 
any cancer outcomes: breast, colorectal, or otherwise. Our previous study with this cohort 
examined the association of physical activity variables on all-cancer incidence and found 
a significantly decreased risk for all-cancer incidence in obese women who participated 
in aerobic physical activity.36 The current findings for breast, colorectal, and lung cancer  
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Table 3.2. Associations between Self-Reported Physical Activity Variables and Breast 
Cancer Incidence in Female Participants in the Prostate, Lung, Colorectal, and 
Ovarian Cancer Study Populationa 
Type of physical activity 
Outcomes 
HR (95% CI) p 
   
Total monthly aerobic activityb frequency 0.99 (0.92, 1.06) 0.84 
   
Total monthly strength trainingc frequency 1.04 (0.98, 1.11) 0.16 
   
Total frequency of all activities per week 1.01 (0.97, 1.05) 0.43 
   
Ratio of aerobic activity over all activity per week 0.79 (0.59, 1.05) 0.11 
   
Ratio of strength training activity over all activity per week 1.28 (0.95, 1.73) 0.09 
   
Total frequency of strenuous activity per week 
  < 2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.01 (0.81, 1.24) 
1.23 (0.90, 1.67) 






   
Average duration of strenuous activity session 
   <15 minutes 
  15-29 minutes 
  30+ minutes 
 
Ref 
1.12 (0.89, 1.42) 





   
Total frequency of moderate activity per week 
  <2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.01 (0.81, 1.25) 
1.05 (0.79, 1.40) 






   
Average duration of moderate activity session 
  <15 minutes 
  15-29 minutes 
  30+ minutes 
 
Ref 
0.86 (0.67, 1.10) 





   
a Models are adjusted on: age, race, age at first menstruation, age at menarche, number of pregnancies, 
birth control use (ever/never), Body Mass Index (BMI), hormone replacement therapy status 
(current/ever/never), family history of cancer, number of servings of fruit and vegetables eaten per day, 
number of alcoholic drinks per day, hormone replacement therapy status (ever/never/former), smoking 
status (ever/never/former), and smoking pack years. 
 
b Aerobic activities included: aerobics, cycling, jogging, swimming, dancing, and walking one mile 
without stopping. 
 
c Strength training activities included: weight lifting, gardening, and calisthenics. Gardening is categorized 





Table 3.3. Associations between Self-Reported Physical Activity Variables and 
Endometrial Cancer Incidence in Female Participants in the Prostate, Lung, 
Colorectal, and Ovarian Cancer Study Populationa 
Type of physical activity 
Outcomes 
HR (95% CI) p 
   
Total monthly aerobic activityb frequency 0.91 (0.75, 1.10) 0.34 
   
Total monthly strength trainingc frequency 0.88 (0.73, 1.06) 0.18 
   
Total frequency of all activities per week 0.91 (0.80, 1.03) 0.14 
   
Ratio of aerobic activity over all activity per week 1.05 (0.48, 2.29) 0.88 
   
Ratio of strength training activity over all activity per week 0.89 (0.40, 1.99) 0.78 
   
Total frequency of strenuous activity per week 
  < 2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.22 (0.71, 2.09) 
0.90 (0.35, 2.33) 






Average duration of strenuous activity session 
  <15 minutes 
  15-29 minutes 
  30+ minutes 
 
Ref 
1.21 (0.68, 2.18) 





Total frequency of moderate activity per week 
  <2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
0.81 (0.46, 1.42) 
0.95 (0.44, 2.01) 






Average duration of moderate activity session 
  <15 minutes 
  15-29 minutes 
  30+ minutes 
 
Ref 
0.94 (0.50, 1.76) 





   
a Models are adjusted on: age, race, age at first menstruation, age at menarche, number of pregnancies, 
birth control use (ever/never), Body Mass Index (BMI), family history of cancer, number of servings of 
fruit and vegetables eaten per day, number of alcoholic drinks per day, hormone replacement therapy 
status (ever/never/former), smoking status (ever/never/former), and smoking pack years. 
 
b Aerobic activities included: aerobics, cycling, jogging, swimming, dancing, and walking one mile 
without stopping. 
 
c Strength training activities included: weight lifting, gardening, and calisthenics. Gardening is categorized 






Table 3.4. Associations between Self-Reported Physical Activity Variables and Ovarian 
Cancer Incidence in Female Participants in the Prostate, Lung, Colorectal, and 
Ovarian Cancer Study Populationa 
Type of physical activity 
Outcomes 
HR (95% CI) p 
   
Total monthly aerobic activityb frequency 0.95 (0.77, 1.17) 0.64 
   
Total monthly strength trainingc frequency 1.01 (0.96, 1.09) 0.34 
   
Total frequency of all activities per week 0.99 (0.87, 1.12) 0.87 
   
Ratio of aerobic activity over all activity per week 0.93 (0.39, 2.22) 0.88 
   
Ratio of strength training activity over all activity per week 1.15 (0.46, 2.87) 0.76 
   
Total frequency of strenuous activity per week 
  < 2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref  
1.22 (0.65, 2.27) 
1.20 (0.45, 3.17) 






   
Average duration of strenuous activity session 
  <15 minutes 
  15-29 minutes 
   30+ minutes 
 
Ref 
1.79 (0.95, 3.37) 





   
Total frequency of moderate activity per week 
  <2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.43 (0.70, 2.93) 
2.27 (1.00, 5.17) 






   
Average duration of strenuous activity session 
  <15 minutes 
  15-29 minutes 
   30+ minutes  
 
Ref 
1.50 (0.73, 3.07) 





   
a Models are adjusted on: age, race, age at first menstruation, age at menarche, number of pregnancies, 
birth control use (ever/never),  Body Mass Index (BMI),  family history of cancer, number of servings of 
fruit and vegetables eaten per day, number of alcoholic drinks per day, hormone replacement therapy 
status (ever/never/former), smoking status (ever/never/former), and smoking pack years. 
 
b Aerobic activities included: aerobics, cycling, jogging, swimming, dancing, and walking one mile 
without stopping. 
 
c Strength training activities included: weight lifting, gardening, and calisthenics. Gardening is categorized 
as a strength-based activity according to the National Institutes of Health: 
https://www.nhlbi.nih.gov/health/health-topics/topics/phys/types 
 
d After applying the Benjamini-Hochberg procedure for multiple test correction, this finding is no longer 
significant.   
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Table 3.5. Associations between Self-Reported Physical Activity Variables and Prostate 
Cancer Incidence in Male Participants in the Prostate, Lung, Colorectal, and 
Ovarian Cancer Study Populationa 
Type of physical activity 
Outcomes 
HR (95% CI) p 
   
Total monthly aerobic activityb frequency 1.01 (0.96, 1.06) 0.53 
   
Total monthly strength trainingc frequency 1.00 (0.96, 1.04) 0.81 
   
Total frequency of all activities per week 1.00 (0.97, 1.03) 0.60 
   
Ratio of aerobic activity over all activity per week 0.98 (0.79, 1.22) 0.90 
   
Ratio of strength training activity over all activity per week 1.13 (0.89, 1.44) 0.28 
   
Total frequency of strenuous activity per week 
  < 2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.15 (0.99, 1.34) 
1.22 (0.98, 1.51) 






   
Average duration of strenuous activity session 
  <15 minutes 
  15-29 minutes 
   30+ minutes 
 
Ref 
1.08 (0.90, 1.28) 





   
Total frequency of moderate activity per week 
  <2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 
  6-7 sessions per week 
 
Ref 
1.15 (0.97, 1.36) 
1.31 (1.06, 1.61) 






   
Average duration of strenuous activity session 
  <15 minutes 
  15-29 minutes 
   30+ minutes  
 
Ref 
1.05 (0.87, 1.26) 





   
a  Models are adjusted on: age, race,  Body Mass Index (BMI), family history of cancer, number of servings 
of fruit and vegetables eaten per day, number of alcoholic drinks per day, smoking status 
(ever/never/former), and smoking pack years. 
 
b  Aerobic activities included: aerobics, cycling, jogging, swimming, dancing, and walking one mile 
without stopping. 
 
c  Strength training activities included: weight lifting, gardening, and calisthenics. Gardening is categorized 
as a strength-based activity according to the National Institutes of Health: 
https://www.nhlbi.nih.gov/health/health-topics/topics/phys/types 
 





Table 3.6. Associations between Self-Reported Physical Activity Variables and Lung 
Cancer Incidence in Participants in the Prostate, Lung, Colorectal, and 
Ovarian Cancer Study Population, Stratified by Sexa 
Type of physical activity 
Female lung cancer Male lung cancer 
HR (95% CI) p HR (95% CI) p 
Total monthly aerobic activityb frequency 0.93 (0.81, 1.06) 0.32 0.96 (0.84, 1.09) 0.54 
Total monthly strength trainingc frequency 1.03 (0.91, 1.15) 0.60 0.95 (0.85, 1.06) 0.42 
Total frequency of all activities per week 0.98 (0.91, 1.06) 0.78 0.96 (0.90, 1.04) 0.38 
Ratio of aerobic activity over all activity 
per week 
0.77 (0.44, 1.34) 0.35 0.94 (0.53, 1.65) 0.83 
Ratio of strength training activity over all 
activity per week 
1.08 (0.61, 1.91) 0.78 1.03 (0.55, 1.90) 0.92 
Total frequency of strenuous activity per 
week 
  < 2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 




0.66 (0.44, 1.00) 
0.38 (0.15, 0.96) 










0.90 (0.62, 1.29) 
1.05 (0.61, 1.82) 







Average duration of strenuous activity 
session 
  <15 minutes 
  15-29 minutes 




0.75 (0.47, 1.20) 









1.11 (0.75, 1.65) 






Total frequency of moderate activity per 
week 
  <2 sessions per week 
  2-3 sessions per week 
  4-5 sessions per week 




1.05 (0.71, 1.54) 
0.64 (0.33, 1.24) 










1.00 (0.68, 1.45) 
1.46 (0.90, 2.34) 







Average duration of moderate activity 
session 
  <15 minutes 
  15-29 minutes 




1.14 (0.75, 1.73) 









0.83 (0.56, 1.24) 






a Models are adjusted on:  sex, age, race, family history of cancer, Body Mass Index, comorbidity score 
(using PLCO’s modified version of the Charleson index for comorbidities), number of servings of fruit 
and vegetables eaten per day, number of alcoholic drinks per day, smoking status (ever/never/former), 
and smoking pack years. Female model is also adjusted on age at first menstruation, age at menarche, 
number of pregnancies, and birth control use (ever/never).  
 
b Aerobic activities included: aerobics, cycling, jogging, swimming, dancing, and walking one mile 
without stopping. 
 
c Strength training activities included: weight lifting, gardening, and calisthenics. Gardening is categorized 
as a strength-based activity according to the National Institutes of Health: 
https://www.nhlbi.nih.gov/health/health-topics/topics/phys/types 
 
d After applying the Benjamini-Hochberg procedure for multiple test correction, this finding is no longer 
significant.   
 44 
(cancers with the highest incidence rates for women in the trial) are relatively aligned 
with our previous findings, though the current results are nonsignificant, suggesting that 
the higher statistical power of the previous study may have improved our ability to detect 
an effect.  
Our findings of an increased risk for prostate cancer, though not meeting 
significance after multiple test correction, do have some support in the literature. The 
recent pooled analysis by Moore et al.5 also found an increased risk of prostate cancer in 
highly active males compared to inactive males (HR: 1.05, 95% CI: 1.03, 1.08). Moore 
hypothesized that this increased risk may be due to the propensity of highly active men to 
undergo more frequent prostate screening than inactive men, thus identifying more 
cancers. A recent study by Wang et al.37 found that individuals who engaged in 17.5 or 
more MET hours per week decreased the risk of prostate cancer mortality by 30% (HR: 
0.70, 95% CI: 0.54-0.92), suggesting that physical activity does provide some etiological 
benefit to cancer outcomes, which does provide some support to Moore’s hypothesis that 
differential uptake of screening may be influencing risk findings. We had insufficient 
power to examine cancer mortality as an endpoint. 
Frequency of moderate activity was identified with an increased risk for several 
cancers. Our previous research36 also identified a nonsignificant increased risk of cancer 
associated with moderate activity. After adjusting for multiple test correction, none of 
these variables maintained significance in either analysis and it is unlikely that such 
results are due to actual correlation and are more likely spurious findings within our data, 
as they do not demonstrate a dose-response effect that one might expect if an association 
was involved. These types of findings underscore the importance of collecting strong 
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physical activity data that allow for calculation of best-practice measures of physical 
activity, such as biological data and MET information for future research.  
One reason for our null findings may be the age of our cohort. The average age of 
participants at enrollment in the trial was 61 years (SE: 0.0183), putting many of our 
participants closer to age 70 when they completed the SQX. So far, the role of physical 
activity in preventing cancer over the life course is not completely understood. While 
some studies have found significant relationships between physical activity and cancer 
diagnosis in older adults,16 many studies on physical activity have found that its 
preventive relationship with cancer is most potent when physical activity occurs at 
younger ages, specifically in early adulthood.7,8,38 For sex-specific cancers, such as 
breast, ovarian, and endometrial cancer, previous research has demonstrated that the 
effect of physical activity and its role in later cancer prevention is largely dependent on 
activity levels during the reproductive years.7,38 In their recommendations for breast 
cancer prevention, Colditz et al.3 note that the expected benefit of physical activity is a 
10-30 year timeframe, suggesting that to benefit from physical activity later in life, one 
should most likely engage in physical activity at early ages. While this does not suggest 
that activity throughout the life course is meaningless, it suggests that accounting for 
physical activity levels of participants only in their later years may not be an adequate 
measure of how physical activity variables interact with cancer risk.  
Our study did ask participants to report whether their current activity levels were 
higher, lower, or similar to their activity levels 10 years ago, but initial analysis did not 
show any differences in cancer incidence between these groups and such categorizations 
were not pursued in the final model. Again, this may be due to the fact that even the ten-
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year span comparison within our data was an insufficient proxy for lifetime physical 
activity, particularly the role it may have played in early life. There is a need for further 
research to more clearly delineate how physical activity over the life course influences 
cancer outcomes, particularly if it can assess the role of natural attrition in activity 
intensity and ability throughout the aging process.  
Of interest to this study, and to other studies of its kind, is the role of BMI as an 
effect modifier. High body mass index has been associated with increased risk for cancer, 
regardless of physical activity levels.39 Indeed, our analyses showed that BMI was 
associated with increased cancer risk for breast, endometrial, and female colon cancer, 
apart from the physical activity variables being tested (results not shown here). The role 
of BMI within physical activity is complex, and multidirectional. Individuals with a high 
BMI who are physically active often demonstrate improved biomarkers (blood pressure, 
insulin sensitivity, etc.) compared to high BMI individuals who are not active, even if 
there is not a change in total weight.40 Yet, since BMI is not simply a marker of inactivity 
and unhealthy lifestyle, but also has environmental and genetic components that are at 
play, understanding how it factors into physical activity and cancer risk is as yet unclear. 
Future studies that are able to assess this relationship in more depth are necessary, to 
improve risk assessments and recommendations to higher-risk individuals.  
One specific method of assessment should be identifying the role of changing 
body mass over time. Weight loss and weight gain have been shown to change risk 
calculations,41,42 but the yo-yo effect of dramatic weight loss and weight gain on potential 
cancer risk has not been well studied.43 Since physical activity and other lifestyle changes 
may result in these increases and decreases, an accounting of such changes is important. 
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Future studies assessing the association of physical activity with cancer incidence should 
examine the role of weight loss/gain, specifically during early adulthood and reproductive 
years, to identify how physical activity and BMI interact in this important life phase.  
Findings from the current study provide important insights into how future studies 
on physical activity and cancer prevention can be improved. Ultimately, studies on older 
populations should attempt to account for physical activity and BMI throughout the life 
course as well as currently, in order to better identify how changes over time may impact 
risk. While evidence of the association between physical activity and cancer continues to 
grow, there is still a paucity of studies that have been able to identify specific attributes of 
physical activity that are most effective at reducing risk. This is likely due to the 
difficulty in obtaining sufficient sample size necessary to stratify data in finer detail and 
the difficulty of creating a model that appropriately reflects how specific biological 
mechanisms may change over time, and thus affect risk. For example, older adults do not 
have the same IGF response associated with physical activity that younger adults do44; 
thus, changes in frequency or intensity of physical activity over the life course may 
differentially impact cancer incidence, depending on what was occurring when. 
Nonetheless, such information is important in order to better understand the mechanisms 
at work within this relationship.  
Our study had several limitations. Due to the nature of the variables collected, we 
were not able to calculate MET (metabolic equivalent) scores for participants’ reported 
activity. As MET scores are widely used in physical activity studies,45 our inability to 
calculate them inhibits the generalizability of our study. In addition, the physical activity 
data we collected was based on data collected at a single time point, rather than data 
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collected throughout the course of the study. As physical activity can change dramatically 
over time, our study was not able to capture, nor account for, such changes. This may 
have also been a factor in our lack of significant findings. 
Conclusions 
Ultimately, our findings suggest that further research is needed to identify which 
aspects of physical activity specifically affect cancer risk. Future research should ensure 
that physical activity variables are measured consistently (using gold standard 
assessments for both self-report and biological measurement). Studies should further 
investigate the health-conscious screening hypothesis generated by Moore et al.,5 to 
better understand the link between increased physical activity and prostate cancer. 
Additionally, future research that can better tease out the interactions between physical 
activity, obesity, and cancer will be better poised to provide actionable public health 
recommendations for cancer prevention.  
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EXAMINING THE ROLE OF PHYSICAL ACTIVITY 
 
ATTRIBUTES IN CANCER INCIDENCE IN 
 
INDIVIDUALS WITH A FAMILY 
 
HISTORY OF CANCER 
Abstract 
Increasing evidence has demonstrated that physical activity plays a role in 
reducing the risk for certain cancers. However, little is known about the role that physical 
activity may play in risk reductions for those individuals who have familial risk of 
cancer. The purpose of this study is to assess how specific physical activity variables, 
such as intensity, duration, frequency, and activity type, affect cancer incidence outcomes 
for breast, colorectal, and prostate cancers in individuals at varying levels of familial risk.  
We assessed self-reported demographic, dietary, and physical activity data 
collected from participants enrolled in the Prostate, Lung, Colorectal and Ovarian Cancer 
screening trial. Family history of cancer for breast, colorectal, and prostate cancers were 
categorized into average, moderate, or strong risk categories, according to the number of 
first-degree relatives diagnosed and their age at diagnosis. Cox proportional hazards 
models were used to identify hazard ratios and 95% CIs to determine the association 
between physical activity variables (type, frequency, intensity, and duration) and 
respective cancer outcomes.  
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After adjusting for multiple test correction, no variables maintained significance 
in the analyses. Initial variables that demonstrated potential significance included a 
decreased risk for colorectal cancer in individuals without a family history of cancer who 
reported higher levels of moderate activity frequency (HR: 0.52, 95% CI: 0.30, 0.92) and 
duration (HR: 0.49, 95% CI: 0.28, 0.86). Prostate cancer was initially positively 
associated with higher levels of moderate activity frequency (HR: 1.43, 95% CI: 1.12, 
1.82) and duration (HR: 1.44, 95% CI: 1.12, 1.86).  
Future studies are needed to further explore the relationship between family 
history and preventive behaviors, such as physical activity, to identify what, if any, 
preventive behaviors may affect cancer incidence in these at-risk individuals. Tailored, 
evidence-based recommendations are most likely an important component of behavior 
change and adherence. 
Introduction 
Inherited mutations in genes such as BRCA1, BRCA2, and mismatch repair genes 
associated with hereditary non-polyposis colorectal cancer (HNPCC), contribute to an 
estimated 5-10% of all cancers. However, individuals with a family history of cancer, 
particularly individuals with first-degree relatives (such as a sibling, parent, or child) who 
were diagnosed with cancer are also at an increased risk of developing cancer, even if 
particular genetic mutations are not identified.1 Recommendations for individuals at 
increased genetic or familial risk for cancer usually include screening starting at an 
earlier age, more frequent screenings, preventive surgery, and chemoprevention.2 
However, individuals with a familial or genetic risk for cancer are often also interested in 




A growing body of evidence supports the role of physical activity in the 
prevention of certain cancers, particularly breast, colorectal, lung, and endometrial 
cancers, and lesser evidence supporting reduction of risk of other cancers, such as ovarian 
and gastric cancer.4 However, these risk reductions have generally been identified in 
populations at average risk for cancer. Few studies have examined the role of physical 
activity in the prevention of cancers in those at increased hereditary risk, and to our 
knowledge, none have examined it in individuals at increased familial risk. Studying 
individuals with familial risk presents a unique opportunity to assess the interaction 
between genetic, environmental, and behavioral factors in cancer risk. Assessing the role 
of lifestyle behaviors, such as physical activity, in those at familial risk is important, as 
they can generate specific recommendations for these individuals. Previous research has 
shown that while individuals at increased familial risk are not generally more likely to 
engage in preventive behaviors than those who are not at risk, the likelihood of adopting 
healthy behaviors increases when tailored information is available.5 
A few studies have examined the role of physical activity in individuals with 
BRCA1 and BRCA2 mutations, and with HNPCC (Lynch Syndrome). However, results 
from these studies have been mixed. A systematic review by Pettapiece-Phillips et al.6 on 
women with BRCA mutations found that physical activity may improve incidence 
outcomes in BRCA1 carriers, but not BRCA2 carriers. Research conducted on an 
Ashkenazi Jewish cohort found that breast cancer onset was significantly delayed in 
women who reported being physically active in adolescence.7 A retrospective cohort 
study conducted by Pijpe et al. 8 found risk reductions for carriers of BRCA1 and 2 
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mutations who participated in sports as adults (HR: 0.72, 95% CI: 0.54, 0.96) compared 
to those who did not, but results were inconclusive for specific activities, such as 
frequency of walking, cycling, or total physical activity reported.  
The evidence around genetic risk for colorectal cancer and physical activity is 
sparse. The only study we could locate that examined the role of physical activity in 
hereditary colorectal cancer was conducted by Kamiza et al.9 on Taiwanese individuals 
with MLH1 and MSH2 germline mutations. Individuals in the cohort who performed 
regular physical activity had a decreased risk for colorectal cancer (HR: 0.62, 95% CI: 
0.41, 0.88) compared to those who did not.  
It is important to note that the existing research around physical activity and 
hereditary cancers has only been conducted on individuals with known genetic mutations, 
not individuals whose increased risk was identified specifically based on family history. 
Yet, individuals with a family history of cancer are at a substantially increased risk of 
developing cancer themselves. For example, though there is no known genetic mutation 
that predisposes men to prostate cancer, men with a father or brother with prostate cancer 
have an increased risk (HR: 1.6, 95% CI: 1.24, 2.14), compared to those who do not.10 
Individuals at familial risk represent an important at-risk subpopulation for prevention 
research. Yet, to our knowledge, no research has been conducted on the role of physical 
activity in individuals whose family history suggests a moderate-to-high risk of genetic or 
hereditary cancer. Additionally, the majority of research conducted on these individuals 
has not examined whether specific attributes of physical activity (e.g., intensity, duration, 
frequency) affect cancer risk.  
The current study examines how specific physical activity attributes affect both 
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site-specific and overall cancer incidence in individuals at different levels of hereditary 
risk for breast, colorectal, and prostate cancers. Such research is a first attempt at 
addressing a significant gap in the literature, as it focuses on preventive factors for 
individuals at familial risk, as well as attempts to identify specific attributes of physical 
activity that affect their risk.  
Methods 
Participants 
Eligible participants for this analysis included individuals who were participating 
in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer screening trial, a 
randomized controlled trial that was conducted between 1993 and 2013.11 While in the 
PLCO trial, participants were asked to complete several self-administered questionnaires 
that asked about personal and family history of diseases, specifically cancers. Individuals 
also answered demographic, dietary, and lifestyle questions, including a supplemental 
questionnaire (SQX) administered in 2006, which included in-depth questions about 
physical activity. Participants from the PLCO trial were eligible for inclusion into the 
current analyses if they were cancer free prior to the administration of the SQX, and if 
they had completed baseline, dietary, and SQX questionnaires and had follow-up through 
the completion of the study (2013). To create our dataset, we included demographic, 
dietary, and health variables from the various PLCO surveys, including the baseline 
survey, dietary survey, and SQX surveys. For variables, such as incidence of diseases that 
were assessed more than once, we used the most recent responses. For variables known to 
change over time, such as smoking status, we compared answers across surveys to ensure 
validity of categorizations.  
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Family History of Cancer 
Eligible participants were categorized by familial risk of cancer in two separate 
ways. First, we were interested in determining whether physical activity in individuals 
with a family history of a particular cancer (breast, colorectal, ovarian, prostate) affected 
the risk of that specific cancer. As we were focused on individuals with familial risk, we 
categorized participants by self-reported family history of cancer using established risk 
categorization criteria for each specific cancer (see Figure 4.1 for risk categorizations). 
As individuals only reported familial cancers in their first-degree relatives 
(parents/siblings/children) in the PLCO questionnaires, we were only able to create risk 
categorizations according to known cancers in these relatives. 
For breast and ovarian cancers, we created four risk categorizations: 1) those 
without a known family history of breast or ovarian cancer (average familial risk), 2) 
those with one first-degree relative diagnosed with breast or ovarian cancer diagnosed at 
any age (moderate familial risk), 3) those with two or more first-degree relatives 
diagnosed with breast or ovarian cancer over age 50 (high familial risk), and 4) those 
with two or more first-degree relatives diagnosed with breast or ovarian cancer, at least 
one of whom was under age 50 (very high familial risk). We disaggregated by age of 
diagnosis because cancers diagnosed at a younger age are more likely to be due to a 
genetic mutation than those diagnosed at older ages.12,13 Our decision to include relatives 
also diagnosed with ovarian cancer in breast cancer risk categorization was because 
mutations in breast cancer genes BRCA1 and BRCA2 also increase the risk of ovarian 
cancer.14 
For prostate cancer, our risk categorizations included: 1) those without a known 
family history of prostate cancer (average familial risk), 2) those with one first-degree  
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Family History of Cancer Risk Category 
Breast or Ovarian Cancer 
No first-degree relatives diagnosed with breast or 
ovarian cancer 
Average 
One first-degree relative diagnosed with breast or 
ovarian cancer at any age 
Moderate 
Two or more first-degree relatives diagnosed with 
breast or ovarian cancer after age 50 
Strong 
Two or more first-degree relatives diagnosed with 
breast or ovarian cancer, at least one of whom was 
diagnosed before age 50 
Very strong 
Prostate Cancer 
No first-degree relatives diagnosed with prostate 
cancer 
Average 
One first-degree relative diagnosed with prostate 
cancer at any age 
Moderate 
Two or more first-degree relatives diagnosed with 
prostate cancer  
Strong b 
General Cancer History 
No first-degree relatives diagnosed with any cancer Average 
One first-degree relative diagnosed with any cancer 
at any age 
Moderate 
Two or more first-degree relatives diagnosed with 
any cancer after age 50 
Strong 
Two or more first-degree relatives diagnosed with 
any cancer, at least one of whom was diagnosed 
before age 50 
Very strong 
Figure 4.1. Familial Risk Categorizations. Risk categorizations according to 
categorizations for risk developed by the American Cancer Society: 
http://www.cancer.org/cancer/cancercauses/geneticsandcancer/heredity-and-
cancer. Due to sample size restrictions, it was not possible to disaggregate 




relative diagnosed with prostate cancer at any age (moderate familial risk), and 3) those 
with two or more first-degree relatives diagnosed with prostate cancer, including those 
diagnosed under age 60 (categorizations of high and very high familial risk were limited 
due to sample size). 
We did not have sufficient sample size to examine cancer outcomes in individuals 
who reported a family history of colorectal cancer.  
Finally, we were also interested in examining the role of physical activity in 
individuals who had a family history of cancer in general. For breast, colorectal, and 
prostate cancer outcomes, we separated individuals into the following categories: 1) those 
without a known family history of any cancer (average familial risk), 2) those with one 
first-degree relative diagnosed with cancer (moderate familial risk), 3) those with two or 
more first-degree relatives diagnosed with any cancer over age 50 (high familial risk), 
and 4) those with two or more first-degree relatives diagnosed with any cancer, at least 
one of whom was diagnosed under age 50 (very high familial risk).  
Physical Activity Variables 
We were interested in examining specific physical activity variables, including 
frequency, type, intensity, and duration.  
Type 
To calculate type, we aggregated individual activity variables (e.g., running, 
swimming, weight lifting) collected in the SQX into composite activity types 




To assess frequency, we then added all self-reported weekly frequency of specific 
activities within these categories (e.g., dancing (2x/week) + jogging (1x/week) = 3 
aerobic activities per week) for total weekly frequency scores of aerobic and strength-
based activities. We also created an overall composite of weekly frequency of all physical 
activity.  
Intensity/Duration 
Intensity and duration variables were initially collected in the SQX and were 
assessed separately. For strenuous exercise, individuals were asked to assess, “on 
average, how many days per week did you spend in any physical activity strenuous 
enough to work up a sweat or increase breathing and heart rate to very high levels?” For 
moderate exercise, individuals were asked to assess, “on average, how many days per 
week did you spend in any moderate physical activity where you worked up a light sweat 
or increased your breathing and heart rate to moderate levels?” Individuals were then 
asked to assess the average duration of each strenuous or moderate session.  
Proportion 
We also looked at the proportion of time spent in a particular type of activity 
(aerobic/strength). Physical activity guidelines generally recommend that individuals 
engage in both aerobic and strength-based activities (CDC PA guidelines)16; we were 
interested in understanding whether individuals who spend a higher percentage of time in 
a specific activity mode (e.g., a man who only engages in weight lifting) developed 
different types of cancer than those with a more even ratio. To assess this, we created two 
ratio variables that identified the proportion of time spent in either mode of physical 
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activity (e.g., frequency of aerobic activity/ total frequency of all activities = proportion 
of time spent in aerobic activity).  
Statistical Analyses 
We conducted separate analyses for each cancer outcome, specifically breast, 
ovarian, colorectal, and prostate cancers. Breast, ovarian, and prostate cancers are all sex-
specific cancers (we did not include male breast cancer); however, for colorectal cancer, 
we combined male and female colorectal cancers in our outcome, as our sample size was 
too small to stratify on sex. We conducted univariate analyses of potential confounding 
variables identified from existing literature and included variables that were identified as 
confounders in the literature or were statistically significant in our univariate analyses. 
We also conducted sensitivity analyses to assess for the effects of large variation among 
the physical activity variables.  
We then conducted multivariate Cox proportional hazard regression models, with 
site-specific cancer incidence as the dependent variable. We analyzed each physical 
activity variable (type, frequency, intensity, duration, proportion) to assess its impact on 
the separate cancer incidence outcomes (breast, colorectal, ovarian, prostate). Follow-up 
time was defined as the time between completion of the SQX questionnaire until cancer 
diagnosis, or through 2013. Finally, we applied the Benjamini-Hochberg procedure for 
multiple test correction, using a false discovery rate of 0.10 for all findings.17 All 
analyses were conducted using Stata 12.0. This study was approved by the Institutional 




Table 4.1 provides demographic information on individuals included in our 
analyses by their respective cancer outcomes. Tables 4.2–4.6 provide specific findings for 
family history and specific cancer outcomes. After applying the procedure for multiple 
test correction, no variables maintained significance in the analyses. Physical activity 
variables were not associated with an increased or decreased risk in individuals with high 
familial risk (2 or more first-degree relatives diagnosed with cancer) for specific or for 
any cancers. 
No effects of family history appeared in individuals with a diagnosis of colorectal 
cancer. Increased moderate activity frequency (HR: 0.52, 95% CI: 0.30, 0.92) and 
duration (HR: 0.49, 95% CI: 0.28, 0.86) were associated with a decreased risk of 
colorectal cancer in individuals without a family history of cancer, though these did not 
maintain significance after adjusting for multiple test correction.  
Most findings demonstrated an increase in cancer incidence commensurate with 
an increase in physical activity. Initial variables demonstrating significance prior to 
multiple test correction tended to indicate effect in individuals at a moderate familial risk 
for specific cancer (i.e., having one first-degree relative diagnosed over age 50). For 
example, strength-training frequency was marginally associated with an increased risk for 
breast cancers in individuals with a moderate family history of any type of cancer (HR: 
1.10, 95% CI: 0.99, 1.22). Increased strenuous activity frequency (HR: 1.43, 95% CI: 
1.12, 1.82) and duration (HR: 1.44, 95% CI: 1.12, 1.86) were also associated with higher 
risks of prostate cancer in individuals with a moderate family history of any cancer.  
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Table 4.1. Demographic Characteristics of Individuals in the Prostate, Lung, Colorectal, 
and Ovarian Cancer Trial, by Cancer Outcome  
Variable 
No cancer 
(n = 38,736) 
Cancer diagnosis 
(n = 645) 
   
Breast cancer outcomes   
   
Mean age at study enrollment 61.8 61.7 
   
Race 
  Non-Hispanic white 







   
Average Body Mass Index (BMI) at SQX  27.0 27.9 
   
Average daily servings of fruit 2.8 2.6 
   
Average daily serving of vegetables 3.8 3.7 
   
Average number of alcoholic drinks per day 0.40 0.47 
   
Smoking status at SQX 
  Never smoked 
  Current smoker 









   
Average smoking pack years 12.3 14.5 
   
Family history of any cancer at SQXa 
  0 
  1  
  2+ 











   















   
Colorectal Cancer Outcomes (n=74,692) (n=209) 
   
Mean age at study enrollment 61.8 63.4 
   
Race 
  Non-Hispanic white 







   
Average Body Mass Index (BMI) at SQX  27.3 28.9 
   




Table 4.1 continued 
Variable 
No cancer 
(n = 38,736) 
Cancer diagnosis 
(n = 645) 
   
Average daily serving of vegetables 3.9 4.1 
   
Average number of alcoholic drinks per day 0.78 0.78 
   
Smoking status at SQX 
  Never smoked 
  Current smoker 









   
Average smoking pack years 17.8 22.3 
   
Family history of any cancer at SQXa 
  0 
  1  
  2+ 











   















   
Prostate Cancer Outcomes (n=34,645) (n=1083) 
   
Mean age at study enrollment 61.7 61.2 
   
Race 
  Non-Hispanic white 







   
Average Body Mass Index (BMI) at SQX  27.7 27.5 
   
Average daily servings of fruit 2.6 2.5 
   
Average daily serving of vegetables 4.0 3.8 
   
Average number of alcoholic drinks per day 1.22 1.23 
   
Smoking status at SQX 
  Never smoked 
  Current smoker 









   
Average smoking pack years 24.3 21.3 
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Table 4.1 continued 
Variable 
No cancer 
(n = 38,736) 
Cancer diagnosis 
(n = 645) 
   
Family history of any cancer at SQX 
  0 
  1  
  2+ 











   















   
Note. SQX: Supplemental Questionnaire (administered in 2006-2007) 
a  Family History outcomes: 0 = No first-degree relatives diagnosed with cancer; 1= One first-degree 
relative diagnosed with cancer over age 50, 2+ = Two or more first-degree relatives diagnosed with 
cancer over age 50; 2+ <50 = Two or more first-degree relatives diagnosed with cancer, at least one of 
whom was diagnosed under age 50.  
 
b  Having a family history of either breast or ovarian cancer was considered for breast cancer outcomes, 
given the strong relationship between ovarian cancer and genetic risk for breast cancers. 
 
c  In the case of prostate cancer, categorizations remain the same, except that first-degree relatives were 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Our findings, while not statistically significant, still add to the growing body of 
literature examining the relationship between physical activity and cancer outcomes. 
Individuals at increased family history of cancer often express interest in engaging in 
preventive behaviors, including diet and lifestyle modifications, which they can 
undertake to reduce their risk.3 Current evidence suggests that, while there may be 
preventive actions that all individuals can take to mitigate their risk of cancer, individuals 
with a family history of cancer do not appear to reduce their risk of cancer through 
increased physical activity. In fact, the only reduced risk we identified, though 
nonsignificant after multiple test correction, was in individuals without any family history 
of cancer, which aligns with previously published research around the benefits of 
physical activity and risk for colorectal cancer.18  
In our study, physical activity appeared to increase the risk of certain cancers, 
including breast and prostate cancers, in individuals with a moderate family history of 
cancer. This finding is likely spurious, however, given the nonlinear dose-response 
relationship in the findings. Nonetheless, as very little research has been published on this 
topic, it is important that future research continue to examine the role of physical activity 
in individuals at increased risk for cancer, with an eye toward specifically identifying 
attributes of physical activity (such as intensity or duration) that may improve cancer risk 
in these higher risk subgroups. There may be aspects of both familial history and physical 
activity that affect the relationship. For example, individuals with a family history of 
cancer may be more motivated to both participate in healthy lifestyle behaviors, and 
undergo cancer screening. Recent pooled analyses of 1.44 million Americans determined 
that increased leisure time activity was associated with an increased risk of prostate 
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cancer in men with unspecified family history, which the authors suggested may be due 
to the fact that highly active men are more likely to obtain prostate screening than 
inactive men.4 Research has not yet demonstrated that those individuals who receive 
standard family history risk messages are more likely to change their lifestyle behaviors5; 
however, it is possible that participating in a cancer screening trial did affect both 
lifestyle and screening (and thus, earlier detection). It is also possible, as has been 
suggested, that physical activity may be associated with reduced mortality of cancers that 
are identified. We did not have sufficient power to analyze the effect of physical activity 
on cancer mortality. Future studies assessing how physical activity impacts cancer risk in 
individuals with a family history should attempt to determine the continuity of health 
behaviors over time, to further study the interaction between lifestyle and screening 
behaviors.  
Limitations 
There were several limitations to this study. All family history was self-reported, 
which may have resulted in underreporting of cancer, though the limitation to first-degree 
relatives may make this less likely than if all family history were being reported.19-21 
Similarly, all physical activity variables were self-reported as well, which may have 
resulted in over-reporting of physical activity, as has been demonstrated in previous 
studies.22 Additionally, the categorical nature of the duration and intensity questions 
prevented their combination, which would have allowed us to provide a more standard 
metric, such as METs.23 The lack of standardized variables limits the generalizability of 
the data. Future research is needed to assess how standard physical activity variables can 
be applied to individuals with a confirmed family history.  
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Conclusion 
As the evidence of the beneficial role of physical activity in the prevention of 
cancer continues to accumulate, it is important to examine the mechanisms that are 
involved in this protective effect. Such research could inform preventive 
recommendations for individuals who are at an increased genetic risk for cancers, who 
often seek behavioral and lifestyle changes as a way to mitigate their perceived risk. As 
of yet, the evidence around the benefits of physical activity to these individuals is limited. 
Further research is needed to delineate the effect of various types and durations of 
physical activity on risk for cancer in individuals at low, moderate, and high familial and 
genetic risks.  
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Our research demonstrates the importance of further study into the relationship 
between physical activity, body habitus and cancer. In general, our study found that 
physical activity, specifically aerobic activity, was most beneficial to obese individuals, 
particularly women, in reducing all-cancer incidence. Due to the larger sample size in our 
first study, we were able to evaluate physical activity separately by stratifying 
participants’ BMI status. In the following two studies, however, small sample sizes only 
allowed us to control for BMI status within analyses. This is unfortunate, but is often the 
reality for studies examining cancer incidence as an endpoint, given the relative rarity of 
cancer relative to the population being studied over a given period of time.  
The findings in our studies highlight a few important challenges that should be 
accounted for, in future research examining physical activity and cancer incidence. First, 
in order to properly understand how BMI interacts with physical activity to influence 
cancer outcomes, future studies should disaggregate participants by BMI categories 
(underweight, normal, overweight, obese), as outcomes of physical activity may affect 
these populations very differently. The various biological mechanisms that link obesity to 
several cancers (metabolic disruption, increased sex hormone production, decreased 
leptin, increased inflammatory cytokines) are also individually linked to the risk of 
cancer.1-4 Yet, as the causes of obesity are multi-factorial, disaggregating by BMI status 
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may account for existing genetic, environmental, and medical attributes specific to 
obesity (e.g. metabolic disruption) that are not otherwise accounted for in cancer 
research.  
Second, our research highlights the inherent challenges in assessing physical 
activity with respect to cancer. Cancers often take decades to develop, meaning that 
preventive behaviors, which affect rates of cancer, such as physical activity, need to be 
studied over the course of time. Furthermore, similar to dietary factors, the extent to 
which a person is physically active may change dramatically throughout the life course. 
Little is known about how these changes affect cancer risk, which is important, 
particularly as it is clear that in general, adults are less physically active as they age.5 
Future studies assessing the role of physical activity in cancer prevention can address 
such challenges by building standardized metrics into longitudinal cohort designs that 
assess known biomarkers of risk, in order to determine how and when changes to 
physical activity affect these intermediate outcomes (such as free estradiol levels, leptin, 
or IGF-1 levels) that are associated with increased cancer risk.3,4  
Third, our research highlights the challenges of using secondary cohort data to 
study new questions about cancer risk. The primary purpose of the PLCO trial was to 
identify whether cancer screening for prostate, lung, colorectal and ovarian cancer 
improved cancer mortality. Although the study included some physical activity variables, 
these variables were largely collected at a single time point (through the SQX 
questionnaire which was distributed in 2006-2007), which limits their overall reliability 
within a longitudinal study, such as the PLCO trial. Additionally, as it was not a main 
focus of the study, physical activity questions that were included were not standardized 
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around existing physical activity metrics (such as METs), which limits our ability to 
compare our findings with other research studies. Such limitations are inherent when 
using secondary data sources to look at new outcomes.  
Such reminders are timely, as the rollout of the United States government’s new 
Open Data Policy commences.6 This policy requires that datasets generated under 
federally funded research be available to the public.6 The purpose of this policy is to 
encourage innovation and continued use of secondary data sources, but it is important to 
acknowledge the inherent limitations in these data, since null or irregular findings may be 
a result of natural data limitations in studies that attempt to further analyze data that may 
not have been designed to support such outcomes. Our research highlights the importance 
of creating standardized selection criteria to identify appropriate datasets for further 
analyses. Such selection criteria for future research on the role of physical activity and 
cancer incidence in individuals with a family history of cancer might include: 1) ensuring 
physical activity variables are either already standardized to gold standard metrics (such 
as METs, accelerometer, etc.), or that such metrics can be calculated from existing 
variables; 2) selecting studies with confirmed, rather than self-reported, family history of 
cancers; 3) requiring that physical activity metrics are collected on an ongoing basis in 
longitudinal studies; and 4) selecting studies that include biomarker data.  
In general, it is important to continue to accumulate more evidence around the 
role of physical activity in preventing cancer. A recent study of physical activity and 
overall mortality found that even an increase of 15 minutes of physical activity per day 
could extend life expectancy by 3 years.7 As older individuals are less likely to be 
motivated toward physical activity by typical health behavioral strategies8, identifying 
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clear, attainable risk management recommendations for the minimal effective dose of 
physical activity needed is a realistic, important goal for this area of cancer research. 
Such recommendations will only come, however, with increased attention to the specifics 
of physical activity.  
Our findings contribute to the broader research base accumulating around 
physical activity and cancer, by identifying preliminary attributes of physical activity 
(e.g., aerobic activity, ratio of time spent in an activity type, etc) that could be pursued 
further in future research. Our findings also demonstrate the potential importance of 
further examining the associations between physical activity and prostate cancer 
incidence, to determine whether ours and others’ findings around the potential increased 
risk of prostate cancer in highly active men maintains significance in larger trials. By 
further examining specific attributes of physical activity, future research studies can aim 
to provide targeted messages that can give specific, measureable recommendations for 
physical activity to the broader population.  
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